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摘  要 
 
本论文从抗肿瘤活性化合物 D5 出发，通过 MTT 法确定其敏感细胞株，并对其同
系物和衍生物进行了抗肿瘤活性测定；采用荧光滴定法对 D5 的疑似靶蛋白 TR3 的相互
作用进行了初步研究，采用正交试验对 TR3 的表达条件进行了优化，并得到了 TR3 的
晶体。此外，采用 MTT 法对 S3 的抗肿瘤活性进行研究，并对 S3 及其衍生物 SA-1 进




1、采用 MTT 法对化合物 D5 的体外抗肿瘤活性进行了初步研究。选用 9 株人源、
鼠源的细胞株对 D5 的细胞毒活性进行测定，结果表明化合物 D5 对细胞的抑制作用具
有特异性。在所选的 5 株肿瘤细胞株中，人胃癌细胞 BGC-823 对 D5 为敏感，其 IC50
为 3.550μg/mL，而化合物 D5 对正常细胞 HL7702、Aml-12 等细胞的毒性小于阳性对照。 
2、对 GST-TR3(LBD) 融合蛋白进行体外异源表达，采用荧光滴定方法检测化合物
D5 与其疑似靶蛋白 TR3(LBD)的相互作用。首先，在优化并确定 M9 培养基成分的基础
上，采用 4 因素 3 水平的正交试验对表达条件进行优化，得出 IPTG 浓度以及诱导前菌
浓是影响目的蛋白表达量的 关键因素，其中 IPTG 的 佳浓度确定为 0.3mmol/L，
佳菌浓对应 OD600 约为 0.77，在此条件下蛋白表达量优化达到 2.0mg/L（与 LB 培养基
产量近似）。荧光滴定实验结果表明，化合物 D5 与 TR3 有较强的相互作用，二者的结
合常数约为 2.30×109。 
3、采用 MTT 法对通过化学合成得到的 D5 的 49 个衍生物（包括 Zhn、Lix、Wj
以及 Lwj 等系列）进行了抗肿瘤活性测定。以 Zhn89(化学合成的 D5)为对照，经过体外
抗肿瘤活性的初步筛选，从 49 个化合物中筛选出 10 个活性较强的化合物。以啤酒酵母、
白色假丝酵母为指示菌，对以上 11 个化合物（包括 D5）以及苯环上带有三羟基的 6 个
化合物进行抗真菌活性测定，结果表明，化合物 D5、Zhn89、Zhn111、Zhn196a、Lwj126
以及 Wj94 对啤酒酵母有较强的抑制作用，其 MIC 为 100μM~140μM；仅有 D5 对白色














4、选用 10 株人源、鼠源的细胞株对 S3 的细胞毒活性进行测定，研究结果表明，
该化合物对细胞的抑制作用具有特异性。在所选 7 株肿瘤细胞株中，人子宫颈癌细胞
Hela 对 S3 为敏感，其 IC50 为 1.275μg/mL。化合物 S3 对正常细胞 HL-7702、Aml-12
等的细胞毒性略低于阳性对照。 
5、通过形态观察、DAPI 核染色、流式细胞仪检测以及 Western blotting 等分析方
法对 S3 的作用机理进行了初步研究，发现该化合物可以诱导 Hela 细胞凋亡。 
急性毒性实验表明其 LD50 大于 2000mg/kg 体重，属低毒化合物，具有进一步开发
研究的价值。 
6、化合物 SA-1 是 S3 的衍生物，MTT 法测定结果表明二者对 Hela 细胞均有抑制
活性。ROS 细胞水平检测结果表明 SA-1 能显著增加 ROS 的含量，而 S3 的作用则不明
显。在 SA-1 作用下，细胞周期分析中没有明显的凋亡峰出现，化合物 SA-1 抑制细胞
的方式可能是引起细胞坏死。 


































This thesis was based on studies conducted on the compound D5 using various 
microbiological techniques to do further research on the antitumor activity. The MTT method 
was applied to screen out the cell line which was the most sensitive to D5. The antitumor 
activities of the derivatives of D5 were also determined; the interaction between D5 and TR3, 
the possible target protein of D5, was tested by fluorescence quenching. The crystal TR3 was 
obtained after first optimizing the expression conditions of TR3 by orthogonal test. Moreover, 
the MTT method was used to screen out the most sensitive cell line to S3 and compare the 
activities of S3 and SA-1. FCS analysis was used to study the effects of S3 and SA-1 on the 
contents of ROS and the cell cycle distribution. Based on the above, the mechanism and acute 
toxicity of S3 were primarily studied. 
Several useful results were obtained from our study: 
1, The cytotoxicity of natural products D5 was primarily studied by the MTT method. Nine 
cell lines from human and mice were chosen to test the cytotoxicity of D5 in vitro. The 
results indicated that D5 had inhibition effects on special cell lines. The BGC-823 cell line, 
the IC50 of which was 3.550μg/mL, was the most sensitive among those cancer cell lines 
chosen, and D5 had lower toxicity on normal cell line, such as HL7702, Aml-12 and so on.  
2, Fusion protein GST-TR3 (LBD) was expressed in E.coli in order to study the interaction 
between D5 and TR3 (which maybe the target protein of D5), and fluorescence quenching 
was used to test this interaction. First, the concentration of IPTG (0.3mmol/L) and the density 
of the culture (OD600=0.77) before induction were screened out as the most important factors 
in GST-TR3 expression by orthogonal test. The protein production reached 2.0mg/L in M9 
medium after optimization (similar to LB medium). The result of fluorescence quenching, 
such as the constants of combination, the position of combination and so on suggested that 
D5 had obvious interaction with TR3 and provided scientific data for further study. 
3, The anti-tumor activities of the derivatives of D5 were tested also. The antitumor 














were tested by MTT method with Zhn89 (D5) as control. Ten compounds were screened out 
for their good effects similar to those of D5. The antifungal activities of these 11 compounds 
(including D5) were tested against Saccharomyces cerevisiae and Candida albicans. The 
results indicated that D5, Zhn89, Zhn111, Zhn196a, Lwj126 and Wj94 has good inhibition 
effects on Saccharomyces cerevisiae with the MIC of about 100~140μM; only D5 had 
inhibition effect on Candida albicans with its MIC of 100μM. 
4, The cytotoxicity of natural products S3 was primarily studied for this thesis by MTT 
method. Ten cell lines from human and mice were chosen to test the cytotoxicity of S3 in 
vitro. The results indicated that S3 had inhibition effects on special cell lines. The Hela cell 
line with IC50 of 1.275μg/mL, was the most sensitive of the cancer cell lines chosen. S3 also 
had toxicity to normal cell lines, such as HL7702, Aml-12 and so on.  
5, Furthermore, the mechanism of S3 on Hela cell line was thoroughly studied. It was 
discovered that S3 could induce Hela cell line apoptosis through morphological change, 
DAPI stain, FCS analysis, Western Blotting, and so on. Meanwhile, the results of acute 
toxicity test suggested that S3 belonged to the group of substance with low toxicity with its 
LD50 above 2000mg/kg in weight. S3 was worth developing. 
6, SA-1, the derivative of S3, had similar inhibitory effect on Hela cell line as S3 tested by 
MTT method. The ROS contents of S3 and SA-1were measured by FCS, and the results 
indicated that SA-1 could obviously raise the ROS content but S3 could not. Meanwhile, 
SA-1 had no effect on cell cycle distribution because no apoptosis peak was captured by FCS 
analysis. Maybe the death pathway of Hela cell line was necrosis. 
The results of this thesis indicated that both D5 and S3 had good bioactivities, and studies 
of their derivatives suggested that structures of compounds played an important role in their 
bioactivities. Possibly, structural modification would be the new way develop the new drug 
with high efficiency and low side-effects.  























 图1 紫杉醇化学结构 
Fig. 1 The structure of Taxol 
资料来源：S. F. Baldrey, R. R. Brodie, G. R. Morris, et al. Comparison of LC-UVand LC-MS-MS 
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图2 喜树碱与10-羟基喜树碱结构 
Fig.2 The structure of CPT and HCPT 
注：A：CPT；B：HCPT 
资料来源：袁丹，容如滨，等. 抗肿瘤药物10-羟基喜树碱的研究与应用进展[J].化学与生物工程, 2007, 24(12 ):9-12. 

































Brady等从壳囊孢菌Cytospora sp.中首次分离得到，并命名为Cytosporone B， 
Cytosporone B (即D5)没有抗细菌活性。化合物Cytosporone D与Cytosporone E为与
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